We study the large transverse momentum distribution of lepton pairs produced in heavy-ion collisions, making use of the perturbative QCD. Referring to the calculation of the parton-parton production process into lepton pairs at the Relativistic Heavy Ion Collider (RHIC), the production of lepton pairs at large transverse momentum is extended to the Large Hadron Collider (LHC). The contribution of the parton-parton production process into lepton pairs in Pb-Pb collisions at the LHC is calculated, including the complete processes at large transverse momentum. Lepton pair production with the direct single photon process and the resolved single photon process are considered and confirmed to be significant at the LHC.
Introduction
Hadronic processes producing a large transverse momentum (P T ) photon play a fundamental role in heavy-ion collisions. Dilepton production in ultrarelativistic heavyion collisions is intimately related to many signals and their backgrounds for new physics. A motivation to investigate relativistic heavy-ion collisions is the search for the quark-gluon plasma (QGP), a potential new state of matter where colored quarks and gluons are no longer confined into hadrons and chiral symmetry is restored [1] . From the earlier RHIC to the LHC, many efforts have been made to probe the properties of QGP, which has become the most important issue in the study of relativistic heavyion collisions [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . In probing the properties of QGP, the production of lepton pairs is ineluctable at large transverse momentum. Under these circumstances, we consider that the production of lepton pairs can not be ignored at large transverse momentum. Dilepton signals produced from the initial nucleus-nucleus collisions are significant to observe the background of QGP. In the case we consider, a virtual photon could subsequently decay into a lepton pair, which can be detected. This case thus corresponds to a "Drell-Yan" type situation, with a lepton pair at large P T [12] [13] [14] [15] [16] . Perturbative QCD theory should work well at large transverse momentum in ultrarelativistic heavy-ion collisions. We discuss lepton pair production with the photon process at large transverse momentum in heavy-ion collisions. The contribution of the production process to lepton pairs with the direct single photon process and the resolved single photon process at the RHIC is important to the total result. The results are corrected, increasing the values and approach the experimental data. Because of the different total energy of nucleon-nucleon collisions, γ ≈ 100 at RHIC energies and γ ≈ 3000 at LHC energies appear [17] . Thus we estimate that the contribution of the production process into lepton pairs with the direct single photon process and the resolved single photon process at LHC will increase becoming more significant in the total result. It is beneficial for the results to introduce the lepton pair production with the direct single photon process and the resolved single photon process at large transverse momentum. Experimental results from the LHC have established that in Pb-Pb collisions at √ = 5 5 ATeV matter is created with very high energy density. In our calculation, Pb-Pb scattering takes place in the region 1 GeV ≤ P T ≤ 10 GeV. We further calculate the dilepton production in Pb-Pb collisions, making use of nuclear parton distribution functions. Inside, parton distribution functions are from Ref. [18] , parton distributions of real and virtual photons are from Ref. [19] . The total energy of nucleon-nucleon collisions is √ = 5 5 ATeV at large transverse momentum distributions of lepton pairs in Pb-Pb collisions. We discuss the complete process of the large transverse momentum lepton pair production at LHC. Then the contribution of above processes is calculated. In Sec. 2, we discuss the whole process of large transverse momentum lepton pair production at the LHC, which consists of four major processes. The effect of shadowing and isospin of the nucleus are introduced in the parton model. In Sec. 3, the numerical results are shown, after that we discuss the results which are calculated. Finally, Sec. 4 presents our summary and conclusions.
Lepton pair production at large transverse momentum
The cross section for Drell-Yan type inclusive lepton pair production in hadronic collisions is A+B −→ γ (−→ + − )+ X . We can express this in terms of the cross section for producing a virtual photon that decays into the observed lepton pair. The cross section is in the following:
where the variable M is the invariant mass of a lepton pair.
Lepton pair production with the leading order process
In this process, parton-parton is a direct process without the fragmentation of parton. There are two channels ( + −→ γ (−→ + − )+ and + −→ γ (−→ + − )+ ). The cross sections of the two channels are in the following [20] 
where the process of parton scattering is σ →γ ˆ [20] . For the rapidity is zero,
√
and P T are the total energy of nucleon-nucleon collisions and transverse momentum of the lepton pair, respectively. We have the Mandelstam variables in the cross section asˆ = ,
The minimum momentum fraction in the integral is
. For the nucleus-nucleus collisions, we choose the parton distribution G Q 2 of the nucleus from M. Gluck et al. [18] in the following
where R ( A) is the EMC shadowing factor [21] , Z is the proton number of the nucleus, A is the nucleon number, P Q 2 is the proton distribution and N Q 2 is the neutron distribution. Since protons and neutrons have different up and down valence quark distribution, the isospin of the nucleus can be represented by the sum of the proton and neutron distribution [22] .
Lepton pair production with the fragmentation process
In this process, lepton pairs are emitted from the fragmentation of quarks in the final state. There are six channels (
and −→! ¯ ) with large transverse momentum. The cross sections of the six channels are in the following , which is used in the process, has been factored out of the purely strong-interaction process [23] . Here the strong running coupling constant is
where the QCD scale parameter Λ = 0 2 GeV, β 0 = 11− 2 3 , and is the flavor number of quarks. The fragmentation function of photons is given by the following
and one should note that D γ Q 2 = 0 due to a photon is not coupled with a gluon directly [22] .
Lepton pair production with the direct single photon process
In this process, a photon which is fragmented from a parton reacts with the other parton (γ+ −→ + − + ). The cross section is as the following
where the process of parton scatterings is 
Lepton pair production with the resolved single photon process
In this process, a parton of a photon which is fragmented from a parton reacts with the other parton. The Heisenberg uncertainty principle allows a photon to fluctuate into a quark-antiquark pair for a short period of time. Therefore a high energy photon looks like surrounded by a quark cloud, and can be interpreted as having a inner parton structure [24] . There are two channels γ +¯ −→ + − + , and γ + −→ + − + . The cross sections of the two channels are in the following form 
Other processes
Two processes are omitted from the calculation because they are far smaller than the resolved single photon process, much less the leading order process. These processes are the resolved double-photon process (order−α 6 α ) and the commixing process (order−α 6 ) which includes direct and resolved mechanisms [25] .
Numerical results
In this section, we discuss the lepton pair production in Pb-Pb collisions at the LHC. The total energy of nucleonnucleon collisions is √ = 5 5 ATeV in Pb-Pb collisions.
Experimental conditions
Lepton pair production in Pb-Pb collisions are not apparent at CERN's LHC. The PHENIX collaboration at the RHIC has recently measured the transverse momentum distribution of electron-positron pairs, with the low pairs' invariant mass, in both p-p and Au-Au collisions [26] [27] [28] [29] [30] .
In Fig. 1 , there is apparent an excess in the theoretical calculation's expectation of the lepton pair production in Au-Au collisions in comparison with p-p collisions with the low pairs' invariant mass. Thus it is beneficial to note the lepton pairs with the low invariant mass.
Numerical results
We define the invariant cross section for producing lepton pairs in a mass range between M and M as [12] 
where 0 Our results can be parameterized as [31]
where = 0, T AA = 9A 2 /8πR 2 ⊥ is the nuclear thickness for a head-on collision, R ⊥ is the radius of the system. Fig. 2  4 shows that for large transverse momentum production of lepton pairs at the LHC, the contribution of the fragmentation process doesn't exceed the contribution of the leading order process. This differs from the contribution of the production process to lepton pairs at the RHIC. Lepton pair production with the fragmentation process decreases in the total result when the total energy of nucleon-nucleon collisions is very high. In addition, the resolved single photon process is smaller than the direct single photon process at large transverse momentum production of lepton pairs at the LHC. Because of the high total energy of nucleon-nucleon collisions at the LHC, the production of photons is increased. We can find that the contribution of the production process into lepton pairs by the direct single photon process and the resolved single photon process at the LHC is a more significant part of the total result than it is at the RHIC. Therefore the low-order processes should not be omitted from consideration at large transverse momentum. Exact results can be ensured by including the contribution of the low-order processes.
Moreover, the direct photon process and the resolved photon process are the important part of the constituting theory. Through the research of the resolved photon process, we can prove the character of distribution and structure as a parton of the photon. High energy heavy-ion collisions can create the experimental conditions. The high energy photons produced from the hard parton-parton collisions may be hadron-like.
Summary
The production of large transverse momentum lepton pairs at the LHC is discussed. The complete processes are considered. Inside, the four major processes of large P T lepton pair production are calculated in the region 1 GeV ≤ P T ≤ 10 GeV. The total energy of nucleon- nucleon collisions is √ = 5 5 ATeV. In the parton model, the effects of shadowing and isospin of the nucleus are introduced. The data which is calculated is exact as some effects and complete mechanisms in the processes are included. In our results, the contribution of the production process into lepton pairs at thie LHC is substantial. Introducing the contribution of the production process into lepton pairs with the direct single photon process and the resolved single photon process is essential, especially at the LHC. Dilepton signals are comparable with QGP signals. Thus regarding the cold dilepton signals as QGP background is necessary while we try to probe the properties of QGP.
